Abstract. We present results of kinetic coefficient experiments and structure studies in Ni 50+x Mn 25-x+y Ga 25-y alloys at low temperatures. The magnetic, galvanomagnetic and electrical properties were measured in the temperature range from 2 to 80 K and in magnetic fields of up to 15 T. Two types of samples were investigated: cast samples with a grain size of about 100-500 µm and quenched samples with a grain size of about 300-500 nm. We find that the deviation from the stoichiometric composition leads to an increase of the structural and magnetic disorder and, hence, to changes in the low temperature kinetic properties. Similar effects are observed as the result of a quench treatment.
Introduction
Studying the physical properties of the stoichiometric Ni 2 MnGa compound is of great interest due to the observed magneto-operated shape memory. Such studies are aimed at creating new materials with the best functional properties, i.e., with high reversible magneto-deformation and a big magnetocaloric effect, with a high martensitic transformation temperature Т М and with magnetic phase transitions Т С close to room temperature. However, a purposeful search for such materials requires a detailed knowledge of their electronic characteristics. Therefore, we studied the crystalline structure, the magnetic, the galvanomagnetic and the electrical properties of Ni 50+x Mn 25-x+y Ga 25-y (х=0, у=0; х=4, у=0 and х=0, у=3.5) alloys at low temperatures Т << (Т М and Т С ). The changes in the crystalline structure and the peculiarities of their low temperature kinetic properties after a quench treatment were investigated.
Experimental
The crystalline specimens of the alloy were melted in an induction furnace and arc-melted on a watercooled copper bottom. The ingots were subjected to a long homogenization annealing treatment as in Refs [1] [2] [3] [4] . Two types of samples were investigated: ordered (cast) samples and disordered (quenched) samples. Atomic disorder was introduced by rapid quenching (at a rate of about 10 5 K/s). The crystalline structure was studied by transmission electron microscopy and by X-ray diffraction. The magnetic, galvanomagnetic and electrical properties were measured by conventional methods. 
Results

Crystalline structure
Using X-ray diffraction and transmission electron microscopy, we find that the alloys have the austenitic fine-grained structure of the L2 1 type at temperatures T > Т М . The average grain size is about 100-500 µm in the cast samples and about 300-500 nm in the quenched samples.
Cooling the alloys below Т М results in a martensitic transformation. In this case, it turns out that the regions of the fine-lamellar martensite have a so called five-layer modulated substructure [2, 3] . Subsequent cooling to bellow Т М is accompanied by the martensite-martensitic transformation 5M → 7M. At lower temperatures T << (T M and T C ) the alloys have the 7M martensitic substructure [1] [2] [3] [4] . Besides, the samples contain untwinned lamellar crystals of unmodulated tetragonal martensite (UMmartensite) at temperatures bellow Т М . X-ray diffraction confirmed the development of the sequence of martensitic transformations, both in the cast and in the quenched alloys according to the scheme L2 1 →5M+UM→7M+UM. Figure 1 shows the temperature dependence of the electro-and magneto-resistivity of the alloys. The resistivity (Т) can be described by the following expression, which is typical of ferromagnetic metals
Resistivity
(1) Here  0 is residual resistivity, a and b are coefficients. Table 1 presents the experimental values of  0 , a and b, obtained at H=0 and in a filed of 10 T. According to Tab.1, the deviation from the stoichiometric compound composition in the cast alloys at H=0 leads to almost a doubling of  0 , when the "strong" magnetic Mn atoms are replaced by "weak" magnetic Ni atoms. The residual resistivity  0 increases by a factor of three, when the non-magnetic Ga atoms are replaced by the magnetic Mn atoms. Approximately the same changes take place in the quenched samples (Tab.1). The temperature dependence of (Т) in a field of 10T demonstrates a stronger change of  0 in the quenched samples in a magnetic field. The analysis of the experimental data ( Fig.1 and Tab.1) shows the following. Firstly, the residual resistivity  0 strongly depends on the heterogeneity of the magnetic subsystem in the alloy. Secondly, the coefficient a is mainly caused by conduction electron scattering by the spin waves and the sign of the coefficient a depends on the type of the electron dispersion law. Thirdly, the coefficient b is determined both by electron scattering by the static and dynamic alloy heterogeneities and by the electron-electron transfer from the s-to the d-band.
Magnetic and galvanomagnetic properties
The field dependence of the magnetic and galvanomagnetic properties was measured at T=4.2K. As an example, results for Ni 50 Mn 25 Ga 25 are shown in Figure 2 . The magnetization J becomes an almost linear function of field at B>2.5T, i.e., in the region of a "pseudoparaprocess", when the following expression holds
Subsequently, the spontaneous magnetization J S and the magnetic susceptibility χ P can be obtained. To describe the Hall effect in magnetic materials, the following equation is usually employed
where  xy is the Hall resistivity, R 0 is the normal and R S the anomalous Hall coefficient, B=H+(4-N)J is the induction in the sample, and N is the demagnetization factor. Table 2 lists the values of J S , χ P , R 0 and R S for the alloys. Accordingly, the deviation of the alloy composition from the stoichiometric Ni 50 Mn 25 Ga 25 composition leads to a decrease of J S . This can be understood by stipulating that "weak" magnetic Ni atoms replace "strong" magnetic Mn atoms. However, it is difficult to explain the J S decrease, when the magnetic Mn atoms are replaced by the non-magnetic Ga atoms. This could be explained by the appearance of frustrated changed coupling, Table 2 , the value of the anomalous Hall coefficient R S is higher by two orders of magnitude than that of the normal Hall coefficient R 0 . Hence, the Hall effect in these ferromagnetic compounds is mainly determined by its anomalous contribution. The signs of R 0 and R S are opposite for almost every sample (Tab.2). This behavior of the Hall effect may be caused by a rearrangement of the electron energy-band structure, when deviations from the stoichiometric Ni 50 Mn 25 Ga 25 composition occur and under the quenching [1] [2] [3] .
Conclusions
